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Abstract 
Purpose: To report and describe the clinical course of four pediatric traumatic macular hole 
(TMH) cases and respective management. Case Report: Four pediatric patients with macular 
hole following blunt ocular trauma underwent early pars plana vitrectomy, with consecutive 
hole closure. Initial visual acuity was <20/400 or worse in all patients. After surgery, all 
patients had visual acuity improvement, with final visual acuity being >20/50 in 2 of the 
patients by the end of the follow-up. Macular hole closure was achieved in all patients with a 
single procedure, and anatomical success was confirmed by optical coherence tomography 
until the end of the follow-up. Conclusions: Although spontaneous closure of TMH is not 
uncommon, especially in pediatric patients, early pars plana vitrectomy seems to be a safe 
and effective choice in pediatric TMH management. The risk/benefit ratio of surgery seems 
to be better than observation. 
Introduction 
The pathogenesis of traumatic macular hole is not fully understood and the best treat-
ment guidelines are controversial, especially in pediatric patients. Although most macular 
holes are age-related idiopathic conditions, that affect mainly female patients, they may also 
occur in association with trauma, thus being called traumatic macular holes (TMH). As 
opposed to idiopathic macular holes, TMH are not associated with gradual onset and the 
mechanism of their formation remains controversial. Some authors theorized that the force 
of the impact transmitted to the macula could result in rupture of the fovea [1]. Another 
hypothesis is that sudden vitreous separation could be the cause of TMH, although most 
cases actually have an attached posterior vitreous [1–3]. Other factors that may be involved 
are: outward expansion of the equator, flattening and subsequent posterior displacement of 
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the posterior pole, trampoline-like movement, tangential tractional forces on retinal surface, 
contusion necrosis, cystoid degeneration, subfoveal hemorrhage, choroidal rupture, and 
anterioposterior vitreous traction. Optical coherence tomography (OCT) allowed the 
detection of subclinical inner retinal layers changes that could play a role in the pathogenesis 
of TMH formation [4]. 
Besides the mechanism of TMH formation, the decision of whether to operate or simply 
observe these TMH is also controversial. Several retrospective case series have shown 
positive outcomes of pars plana vitrectomy for TMH [3, 5–11]. On the other hand, many 
cases of spontaneous closure of TMH have also been reported in the literature [12–19]. 
Spontaneous closure can more easily occur in children, in small macular holes (100–200 
µm), if the posterior hyaloid remains attached, or if no fluid cuff is present. Although 
unpredictable, it usually occurs between 3 and 6 months, and is related with final visual 
acuity (fVA) ≥20/40 in 50% of the patients [14–20]. The mechanism of spontaneous TMH 
closure encompasses the proliferation of glial cells or retinal pigment epithelial (RPE) cells 
from each bank of the hole’s edge to fill the hole bottom, and stimulation of astrocyte 
migration to heal the TMH. 
We report four cases of pediatric TMH that underwent surgical repair consisting of early 
standard 3-port pars plana vitrectomy with posterior hyaloid removal, internal limiting 
membrane peeling and gas tamponade. All patients were advised to maintain prone position 
for at least six hours a day for five days. 
Our interest in reporting this case series is to highlight the effectiveness and benefits of 
an early interventional approach, instead of an expectant/observational one. 
Case 1 
A 12-year-old boy presented with sudden unilateral visual loss following a blunt trauma 
with a bottle cork in a mildly amblyopic left eye. At presentation, the initial visual acuity 
(iVA) was hand motion in the left eye and 20/20 in the right eye. Anterior segment 
examination revealed hyphema, corneal edema and red fundus reflex absence. The patient 
underwent an ocular ultrasound which excluded the presence of a retinal detachment. Eight 
days later the child was reassessed: no hyphema was identified, visual acuity (VA) remained 
hand motion and a macular hole was detected on fundus biomicroscopy (fig. 1). An OCT was 
performed which confirmed a full-thickness macular hole (fig. 2) with posterior vitreous 
attachment. One day later the patient underwent surgery as described above. One month 
after surgery, the OCT confirmed closure of the macular hole and VA had improved to 20/50, 
which remained stable until the end of the follow-up. 
Case 2 
A 10-year-old girl was hit by a soccer ball followed by sudden visual loss in the left eye. 
At that time the VA was 20/400 in the left eye and 20/20 in the right eye. Anterior segment 
examination was unremarkable. Fundus biomicroscopy revealed a lamellar hole, confirmed 
by OCT (fig. 3), which turned into a full-thickness macular hole identified 8 days after trauma 
(fig. 4). Surgery was performed the following day. One week after surgery, fundus examina-
tion revealed closure of the macular hole, and by the end of the first month, the best 
corrected VA (BCVA) was 20/50. One year later the VA was 20/30, with maintenance of 
macular hole closure (fig. 5). 
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Case 3 
A 9-year-old boy was hit by a soccer ball with sudden visual loss in the left eye. iVA was 
20/400 in the left eye and 20/20 in the right eye. Anterior segment examination showed no 
lesions. Fundus biomicroscopy revealed a macular hole, confirmed by OCT (fig. 6). Surgery 
was performed the following day. One week later, OCT confirmed closure of the macular 
hole. One month later, the BCVA was 20/50. After 6 months of follow-up, the VA was 20/40, 
with maintenance of macular hole closure (fig. 7). 
Case 4 
A 15-year-old boy was hit on his left eye by a soccer ball. At presentation, iVA of the 
affected eye was hand motion. The adnexa and anterior segment were unremarkable. 
Fundoscopy showed little intraretinal hemorrhages, commotio retinae in the posterior pole, 
and the presence of a macular hole. The OCT revealed a full-thickness macular hole with 
hyaloid still attached (fig. 8). The patient underwent surgery 2 days later. Five days after 
surgery, the OCT confirmed macular hole closure (fig. 9) and the VA was counting fingers. 
Follow-up observations showed sustained heterogeneous areas of retinal pallor mingled 
with hyperpigmentation zones and maintenance of macular hole closure. The OCT revealed 
disorganization of the retinal layers with foveal atrophy and disruption of the photoreceptor 
layer. The VA remained in counting fingers until the end of the follow-up. 
Discussion 
Very little can be found in the literature regarding pediatric TMH management and its 
results compared to adult population. 
Wu et al. [21] presented a case series with TMH in which 13 pediatric patients (1–15 
years old) were submitted to plasmin-assisted vitrectomy, membrane peeling and gas or 
silicone oil injection, followed by prone position for 7 days. The macular hole closed in 12 
(92%) patients. fVA could be measured only in 12 of 13 patients. From those, 11 (92%) 
patients had VA improvement of 2 or more lines and six (50%) achieved vision of 20/50 or 
better; all patients achieved a vision better than 20/200. 
Wachtlin and associates [22] reported a case series of four pediatric patients with TMH 
(10–15 years old). All patients underwent pars plana vitrectomy with platelet concentrate, 
internal limiting membrane (ILM) peeling, and gas tamponade for stage 3 TMH repair. 
Primary closure was achieved by a single intervention in all patients, with a visual improve-
ment of three to seven lines after surgery. The surgically achieved visual improvement 
remained stable during the follow-up and no complications were reported. 
In 2007, Brasil and Brasil [1] reported a single case of a 9-year-old boy with a TMH who 
gained vision from 20/300 to 20/70 after surgery with ILM peeling and silicone oil 
tamponade, which remained stable one year after the silicone oil removal. 
On the other hand, the surgical outcomes of TMH in adults have been analyzed in multi-
ple retrospective case series. Closure rate varies from 92 to 100% and fVA >20/40 from 38 
to 48% [5–10]. 
Rubin et al. [5] presented a case series of 12 consecutive patients with TMH who un-
derwent vitrectomy, fluid-gas exchange and instillation of bovine or recombinant transform-
ing growth factor beta-2. The closure rate was 92%, repeated surgery having been necessary 
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in 3 patients. The BCVA improved by at least 2 lines in 8 (67%) of 12 eyes. Six (50%) of 12 
eyes improved to 20/40 or better. 
Another reference of the use of platelet concentrate was reported by García-Arumí and 
associates [7] who presented the surgical outcomes of 14 eyes with full-thickness TMH 
submitted to pars plana vitrectomy with posterior hyaloid dissection, followed by complete 
fluid-gas exchange, and instillation of 0.1 ml of platelet concentrate just over the macular 
hole. Closure rate was 93% (13 of 14 eyes), with a vision improvement of at least 4 Snellen 
lines in every closed hole. The mean fVA was 20/30, and two patients had a fVA of 20/20. No 
intra- or postoperative complications were noted. 
Several studies have demonstrated the benefits of vitrectomy without adjunctive thera-
py, but almost exclusively in adults. 
In the series of Amari et al. [10] and Chow and associates [9] the final closure rate of 96 
and 94%, respectively, and a VA improvement of at least two lines in more than 70% of 
patients were obtained without any adjunctive therapy. 
In 2001, Kuhn et al. [11] reported the benefits of ILM removal in a case series of 17 
consecutive TMH patients. All patients were submitted to vitrectomy and ILM removal with 
no adjuvant therapy. Results showed 100% closure rate. Vision improved by at least 2 
Snellen lines in 16 (94%) eyes. 
More recently, a multicenter case series of 25 TMH cases was published, and the authors 
observed a 96% closure rate and a vision of 20/50 or better in 64% of the eyes [1]. 
Some cases of TMH spontaneous resolution have also been published. In total we found 
37 cases of spontaneous TMH closure and the majority of them occurred in children [12–18, 
23–26]. All the holes closed within up to one year, and 55% within up to three months of 
trauma [12–18, 23–26]. Therefore, some authors advocate at least an initial period of 
observation instead of an early intervention [1]. Although our series is too small to postulate 
the benefits of an early intervention some features should be highlighted. The iVA in the eyes 
with spontaneously closed TMH was 20/400 or better in 70.3%, the size of the hole was 
equal to or less than 0.2 disk diameter (DD) in at least 75.7% of the eyes and 40.5% of the 
patients were more than 15 years old. On the contrary, all our patients had iVA of 20/400 or 
worse, the macular hole size was superior to 0.3 DD and our oldest patient was 15 years old. 
Therefore, spontaneous closures of TMH described are mostly in patients with small holes 
and VA above 20/400. Larger holes seem to result from higher kinetic energy which causes 
more severe retinal edema, RPE damage, subretinal bleeding with its possible photoreceptor 
toxicity, and retinal necrosis with tissue loss. These factors may contribute to inability to 
reappose the retinal edges by the contracting fibroglial tissue, limiting the reparative 
process to flattening of the retinal edges surrounding the hole [17]. From the 37 cases 
described, only 11 had fluid cuff described, and all but one had the posterior hyaloid 
attached, thus having a higher probability to spontaneously close. Also the patients that 
ended up with a BCVA ≥20/25 (12 patients) had holes ≤0.2 DD, initial BCVA between 
20/200 and 20/40, and only two had fluid cuff present. 
Regarding only the case series that reported a spontaneous closure rate of TMH [15, 24, 
27] one can say that most of them did not close spontaneously: only 13 of 34 (38.2%) TMH 
resolved spontaneously. Few data is found regarding the numbers of non-closing TMH 
managed with an observational attitude. What size were they? What were their anatomical 
features? How old were the patients? What was the initial BCVA? And most of all, what was 
the final BCVA on holes that remained unclosed? Would these patients benefit in the same 
way with surgery after waiting so long? 
TMH are less frequent than idiopathic ones, have a different pathogenesis and do not 
have a well-established management guideline, especially in pediatric patients. However, 
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several well-documented retrospective case series have actually shown very similar surgical 
outcomes for idiopathic and TMH [20, 24, 27]. The use of platelet concentrate and autolo-
gous plasmin has been described, although more studies are necessary. 
Some authors claim that an observation period of 3 to 6 months is advised, especially in 
young patients with small holes, good iVA and posterior vitreous adhesion to the TMH edges 
due to the higher possibility of spontaneous resolution. In the remaining cases the possibility 
of spontaneous closure is low [14–20]. 
The photoreceptor damage is more likely, the longer the delay. The consequences of a 
long period of waiting for the spontaneous closure of the macular hole have not been 
clarified. Few series have been published concerning this matter, all of them with few cases 
and controversial results. Many questions remain controversial and unanswered. Until when 
should we wait? Authors have reported the enlargement of macular hole during the follow-
up [14] with unclear consequences. Which is the best timing to intervene? Which TMH are 
more suitable to spontaneously close? Is the probability the same regardless of the child’s 
age? Should we wait in patients in amblyopic ages, in patients with only one eye, or in 
patients with previous low vision? What impact could this situation have in the psychomotor 
development in these ages? 
In conclusion, early pars plana vitrectomy with ILM peeling and gas tamponade seems 
to be a safe and effective choice for the therapy of TMH in pediatric patients. When 
compared to spontaneous closure results found in the literature, the surgical closure rate is 
higher and the fVA is slightly better after vitrectomy. We believe that early vitrectomy could 
facilitate and accelerate the closure process, preventing irreversible structural changes and 
consequent permanent damage. 
High-resolution cross-sectional retinal images provided by OCT add new data to the 
understanding of pathogenesis of TMH and may help in management decisions. 
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Fig. 1. Presentation: OS, full-thickness macular hole, iVA hand motion. 
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Fig. 2. One year later: macular hole closure, fVA 20/50. 
 
 
 
Fig. 3. Presentation: OS, lamellar hole, iVA 20/200. 
 
 
 
Fig. 4. Eight days after trauma: OS, full-thickness macular hole, VA 20/200. 
 
 
 
Fig. 5. One year later: macular hole closure, fVA 20/30. 
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Fig. 6. Presentation: full-thickness macular closure iVA: 20/200. 
 
 
 
Fig. 7. Six months later: macular closure fVA: 20/40. 
 
 
 
Fig. 8. Presentation: OS, full-thickness macular hole, iVA hand motion. 
 
 
 
Fig. 9. One year later: macular closure, fVA counting fingers. 
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